We report Very Long Baseline Array (VLBA) observations of 43 GHz v=1, J=1-0 SiO masers in the circumstellar envelope of the M-type semi-regular variable star VX Sgr at 3 epochs during 1999 April-May. These high-resolution VLBA images reveal a persistent ringlike distribution of SiO masers with a projected radius of ≈3 stellar radii. The typical angular size of 0.5 mas for individual maser feature was estimated from two-point correlation function analysis for maser spots. We found that the apparent size scale of maser features was distinctly smaller than that observed in the previous observations by comparing their fractions of total power imaged. This change in the size scale of maser emission may be related to stellar activity that caused a large SiO flare during our observations. Our observations confirmed the asymmetric distribution of maser emission, but the overall morphology has changed significantly with the majority of masers clustering to the north-east of the star compared to that lying to the south-west direction in 1992. By identifying 42 matched maser features appearing in all the three epochs, we determined the contraction of an SiO maser shell toward VX Sgr at a proper motion of −0.507±0.069 mas yr −1 , corresponding to a velocity of about 4 km s −1 at a distance of 1.7 kpc to VX Sgr. Such a velocity is on the order of the sound speed, and can be easily explained by the gravitational infall of material from the circumstellar dust shell.
Introduction
Circumstellar SiO masers associated with late-type stars provide a unique probe of the kinematics in the extended atmosphere. Dominated by the mass-loss process and permeated by shocks, magnetic fields and density gradients, the extended atmosphere is a complex region located between the photosphere and the inner dust formation shell. VLBI experiments have demonstrated that SiO masers lie in ringlike configurations, presumably centered on the star, with tangential rather than radial maser gain paths (Diamond et al. 1994; Greenhill et al. 1995; Boboltz, Diamond & Kemball 1997; Phillips et al. 2003; Soria-Ruiz et al. 2004; Boboltz & Wittkowski 2005) . The maser ring is not static, its diameter changes with phase of stellar pulsation, which has been observed in Mira variables R Aqr (Boboltz et al. 1997) and TX Cam (Diamond & Kemball 2003) .
VX Sagittarii (VX Sgr) is a semi-regular variable with an optical period of 732 days (Kukarkin et al. 1970 ) and a spectral classification between M4e-Ia and M9.8. The optical light curve of VX Sgr exhibited some interesting quiescent phases intercepting a regular 732-d oscillation during the past 75 years: 1945 -1950 , 1963 -1967 (Kamohara et al. 2005 . From high-resolution optical interferometry data, Monnier et al. (2004) fitted a stellar radius (R * ) of 4.35 mas, 3 times smaller than that of 13 mas obtained by Greenhill et al. (1995) . Its circumstellar envelope exhibits strong OH, H 2 O and SiO maser radiation (Chapman & Chohen, 1986; Greenhill et al. 1995; Murakawa et al. 2003; Kamohara et al. 2005) . The distance to VX Sgr remains uncertain; for comparison with previous work by Greenhill et al. (1995) , we adopt a distance of 1.7 kpc, at which VX Sgr can be classified as a red supergiant. The systemic velocity of VX Sgr is estimated to be about 5.3 km s −1 based on a dynamical model of an expanding envelope fitting to the interferometric maps of OH maser emission at 1612 MHz (Chapman & Cohen 1986 ).
The typical lifetime of an SiO maser feature, which is both spatially and velocity coherent, is of order one month. This limits the time interval of the monitoring observations to study the kinematics of the extended atmosphere. In this paper, we report 3-epoch (in 39 days) VLBI monitoring observations of the SiO maser emission toward VX Sgr in 1999. The observations and data reduction are described in § 2; results and discussion are presented in § 3, followed by conclusions in § 4.
Observations and data reduction
The 43 GHz v=1, J=1-0 SiO maser emission toward VX Sgr was observed at 3 epochs (1999 April 24, May 23 and May 31) using the Very Long Baseline Array (VLBA) of the NRAO 1 . The data were recorded in left circular polarization in an 8 MHz band and correlated with the FX correlator in Socorro, New Mexico. The correlator output data had 256 spectral channels, corresponding to a velocity resolution of 0.22 km s −1 . A rest line frequency of 43.122027 GHz was adopted for the maser transition.
The data reduction was performed using the Astronomical Image Processing System (AIPS) package. The continuum calibrators were used to calibrate phase gradients along frequency (group delays) and bandpass characteristics. The amplitude calibration was done by estimating the scaling factors necessary to best fit a time series of the total power spectra for each station to a single calibrated total power spectrum obtained from the Mauna Kea station. A zenith opacity of about 0.05 at Mauna Kea was estimated from the variation in system temperature with zenith angle during these observations. Residual fringe-rates were obtained by performing a fringe-fitting on a reference channel (at V LSR =0.1 km s −1 ), which has a relatively simple structure in the maser emission. At this stage in the reduction, fringes are detected on all baselines of the VLBA including the longest SC-MK baseline. In practice, several maser components were overlapped in the reference channel. Therefore, self-calibration on the reference channel was performed to remove any structural phase. The solutions of fringe-fitting and self-calibration were then applied to the data in all the velocity channels.
Synthesis images were constructed using the standard imaging techniques. Image cubes consisting of individual channel maps were made for velocities between 22 and −8 km s −1 . Uniformly weighted visibility data created a synthesized beam of 0.18 mas × 0.65 mas with a position angle −9
• . The detection limit was 150 mJy beam −1 , which is about 5 times the noise level in these images. The positions and flux densities of the detected maser components in each channel map were estimated by fitting a two-dimension Gaussian brightness distribution using the AIPS task SAD. The typical uncertainty of the fitted position of maser components was smaller than 10 µas.
Results and Discussion

Maser spots and features
statistics for SiO maser spots and features
In each of the velocity channel maps, there are some spatially distinguished components, each of which has a bright peak. The component is called a "maser spot". We usually see several maser spots that are clustered within a small region in space and Doppler velocity, typically 1 AU and 1 km s −1 , respectively. We call such a group of maser spots a "maser feature". Thus, spots within the same velocity channel can belong to different features. In order to study the characteristics of SiO masers, individual features were determined for each of the three epochs. The maser spots in different channels were deemed as the same feature according to the following criterion, these spots (i) appear in at least three adjacent channels, (ii) have peak flux densities greater than 200 mJy (7σ), and (iii) lie within 0.5 mas (see Section 3.1.2). Finally, 110, 110, and 105 maser features were selected for epochs 1, 2 and 3, respectively. Table 1 lists both the average and median values of the sizes for the identified maser spots and features and the velocity ranges across features. The spot size was estimated from arithmetic average of sizes of the major and minor axes of the spot image, which were obtained by fitting to an elliptical Gaussian brightness distribution in the CLEAN map. Figure 1 shows the histograms of the spot size. A typical apparent size of a spot is 0.5 mas, corresponding to 0.85 AU at 1.7 kpc distance, which is slightly larger than the geometric mean of the VLBA beam of 0.35 mas at 43 GHz. The size of a feature, L, is defined by
where θ s−s is the fitted size of the brightest spot in the feature, and σ f is the standard deviation in the estimated feature positions. Thus, the feature size indicates the extent of the distribution of the accompanying spots. It can be seen from Table 1 that the feature sizes are almost the same as the spot sizes, of ∼0.5 mas, suggesting significant clustering of spots in the feature. The velocity range across the feature, ∆u, is defined to be the difference between the maximal and minimal velocities of the spots in the feature. A typical value of ∆u is 0.86-1.74 km s −1 (see column (4) in Tables 2, 3 and 4), corresponding to 4-8 spots in an individual feature, with the average and median values of 1.4-1.6 and 1.3-1.5 km s −1 (see Table 1 ).
The full lists of parameters measured for each feature are available in Tables 2, 3 and 4, for epochs 1, 2 and 3, respectively. We fit a Gaussian curve to the velocity profile of feature containing at least four spots to determine V LSR at the peak of velocity profile and its uncertainty σ V LSR , full width at half maximum (FWHM) ∆V and its uncertainty σ ∆V and peak flux density P . For some features which can not be well represented by a Gaussian curve (labelled by a " * " in Tables 2, 3 and 4), intensity weighted mean V LSR and uncertainty σ V LSR =0.03 km s −1 were adopted; the FWHM velocity ∆V was equal to ∆u/2, with uncertainty σ ∆V =68%∆V=34%∆u; the flux density of the brightest spot in each feature was deemed as its peak flux density. Feature positions (x, y) in right ascension (R.A.) and declination (Dec.) were determined from an intensity weighted average over maser spots in the feature. The uncertainty (σ x , σ y ) of a feature position was defined as squared root of the square sum of (1) the mean spot distance from the defined feature position and (2) the mean measurement error of the spot positions. The weights proportional to the intensity of the spot were applied in the uncertainty estimation. The typical position uncertainties of features are 0.01 mas and 0.02 mas for R.A. and Dec., respectively. The positions are measured with respect to the reference feature at (0, 0) (labelled by a "r" in Tables 2, 3 , and 4).
Two-Point Correlation Function of Maser Spots
To determine the criterion of angular separation for identifying the maser features, we performed the "two-point correlation function" analysis. The technique has been used in the analysis of distributions of water masers in W49N (Walker 1984; Gwinn 1994) , and W3 IRS5 (Imai, Deguchi & Sasao 2002) . The two-point correlation function of maser spots describes the number of spots per unit angular area (1 ′′ ×1 ′′ ) with a given separation, ∆r = (∆x 2 +∆y 2 ) 1/2 , on the sky (x-y) plane from an arbitrary spot. This function can be expressed as (Imai, Deguchi & Sasao, 2002) 
where n δ (r) = 1 when ∆r < r < ∆r + dr,
Here dr is a separation of ∆r between the successive bins in the n s (∆r) plot, dΩ = 2π∆rdr is the area of annulus, n spot is the total spot number, and the indices i, j run over all spots. Figure 2 shows the two-point correlation functions of SiO maser spots around VX Sgr at each epoch. The function for spots can be fitted by a power law, n s (∆r) = n 0 ∆r α , on certain ranges. Interestingly, we found two power-law fits on scale ranges of 0.03-0.25 mas and 0.5-20 mas at each epoch, corresponding to a linear-scale range of 0.05-0.43 AU and 0.85-34 AU. The two steep slopes with an index α ≈ −1.1 ∼ −1.2 show that the maser spots are strongly clustered within the corresponding scales. The distribution between 0.25 and 0.5 mas is consistent with being flat, indicating no clustering on these scales. The break of the power-law at 0.25 mas suggests a characteristic scale size for clustering of spots to make a feature. Therefore, the angular diameter should be 0.5 mas for each feature. Consequently, combining spots separated by less than 0.5 mas yields physical maser features. Another large region of 0.5-20 mas is more likely to be the clusters of features since it covers almost the entire mapping region of the detected masers. Because the uncertainty of relative spot positions is 0.01 mas, the plot shown in Figure 2 at separations less than 0.01 mas may not be accurate.
From above two-point correlation function analysis, we obtained a typical angular diameter of 0.5 mas for clustering of spots to create maser features. But, this criterion may be uncertain for some maser features. In addition, this technique does not include any information of Doppler velocity of masers. Thus it only provides a crude criterion for identifying maser features. Actually, in the procedure of identifying maser features, we also examined the intensity-velocity profiles of features and, we treated them as separate features if they were distinctly multiple peaks within 0.5 mas. Figure 3 shows the distributions of maser features for three epochs. A persistent ringlike distribution of SiO masers around VX Sgr with the strongest emission lying to the north-east (NE) of the star can be seen from these images. The SiO maser shell should be close to, but above, the stellar photosphere of VX Sgr. If we adopt a stellar radius R * =4.35 mas and an inner radius of dust shell of 60 mas (Monnier et al. 2004) , an estimated radius of 12.5 mas (Fig. 3) indicates that the maser shell lies close to the stellar surface within about 3 R * and of course in the inner dust shell. This is well consistent with the typical 2-4 R * for late-type stars (Diamond et al. 1994 ).
Images of the SiO maser Shell
In the upper panel of Figure 4 , we compare the total power imaged by the VLBA (filled circle) to the total power (solid line) obtained from the Mauna Kea antenna. The total power imaged is obtained by fitting 2-dimension Gaussian components (maser spots) in all the channels and then by summing all spots belonging to features for a given channel rather than flux collected from image pixels. Lower panel shows that the fraction of total power imaged (solid line) is mostly between 0.5 and 0.9. On average, about ∼70% of the total luminosity of masers were detected in our observations. As shown in Figure 1 , the apparent sizes of maser spots mostly ranged from 0.3 to 0.7 mas, with a mean of 0.5 mas. This mean scale size is slightly larger than the geometric mean of the VLBA beam of 0.35 mas at 43 GHz. Therefore, ∼30% missing flux in our map is mainly due to the high spatial resolution of the interferometric array. That is, most of maser components are detected in our VLBI observations and have a compact scale size of about 0.5 mas. Greenhill et al. (1995) detected some dense velocity coherent structures with a characteristic size of ∼0.2 mas in the extended atmosphere; but 74% of the maser flux was resolved by their observations of the 43 GHz SiO v=1 J=1-0 transition in 1992, suggesting that the extended atmosphere also had a lot of undetected masers with the angular scales larger than about 3 mas. Doeleman et al. (1998) showed that only ∼ 20% of the total flux density were detected in a single baseline VLBI observation of the 86 GHz SiO v=1 J=2-1 transition in 1994, inferring that most of 86 GHz SiO maser emission were larger than the beam size of 0.4 mas. Because the flux density threshold is about 1.8 Jy (5σ) on each channel image in the observations of Greenhill et al. (1995) , for comparison, we also calculate the fraction of total power imaged with the 1.8 Jy threshold for 2-dimension Gaussian components (open circle and dotted line in Figure 4 ). We find that the fraction of total power imaged for components with the 1.8 Jy threshold (dotted line) is almost the same as that for all maser components (solid line). Hence, our result is significantly different from that of Greenhill et al. (1995) , implying that the apparent size scale of maser features became distinctly smaller in our observations than the previous ones. It should be noted that the earlier VLBI observations suffered from some kind of electronic noise in the VLBI systems that decorrelated the signals, which would result in a net loss in the observed flux density. Kamohara et al. (2005) showed that the 43 GHz v=1, J=1-0 SiO masers flared around 1999 March, which was within the 6-yr (1997) (1998) (1999) (2000) (2001) (2002) (2003) quiescent phase when the regular pulsation was terminated. They proposed that the flare of SiO masers was due to the increase of the gas ejected from the photosphere to excite SiO maser emission under collisional pumping in a shock. If this model is correct, it can be applied to the diminished size of maser emission toward VX Sgr observed in 1999. The larger kinetic energy of the outflow from the photosphere may produce larger turbulent motions in maser regions in 1999. Such turbulent motions can then create steeper velocity gradients in a smaller coherent path length in a postshock region, i.e., forming the compact maser features. This can also explain why more extended maser clouds were seen from VLBI observations in 1992 August (Greenhill et al. 1995) , because a weak outflow can be inferred from the observed low SiO maser emission presumably due to the decrease in the mass loss rate (Kamohara et al. 2005 ).
We also notice that the SiO maser emission in the NE is distinctly stronger than that in the south-west (SW). This suggests an asymmetric mass loss rate, i.e., the mass loss toward the NE should be more significant in our observation sessions. This is quite different from the VLBI observations in 1992 (Greenhill et al. 1995) and 1994 (Doeleman et al. 1998) , which showed major maser emission concentrating in the SW region and thus suggested a larger mass loss from the SW part. Combined together, these data show a remarkable change in the major mass loss direction from the SW (in 1992 and 1994) to the NW in 1999. However, the mechanism responsible for the variation of the mass loss from the SW to the NE remains to be understood. This may also be related to the optical stellar phase and can be clarified in the future with multi-epoch VLBI observations.
Proper Motion
From Figure 3 , it is apparent that some SiO maser features live longer than 39 days, the maximum time separation among three epochs. This enables us to study their proper motions and the kinematics of the circumstellar envelope of VX Sgr by comparing the matched features that appear in all the three epochs.
Because of the nature of standard VLBI data reduction, the absolute position of the phase center in each image is lost. For studying the proper motion, we must align multiepoch maps. The feature used for registration is the one with a velocity V LSR ≈0 km s (labelled by a "r" in Tables 2, 3 and 4) at all the three epochs. This feature was chosen because of its similarity in both morphology and velocity. The coordinate frames for the three epochs were then shifted to align the origin (0, 0) with this feature. At an assumed distance of 1.7 kpc, a proper motion of 0.1 mas in 39 days corresponds to 7.5 km s −1 . The expansion velocity of the H 2 O masers, estimated from a standard expanding outflow model, is 10 and 20 km s −1 at the inner and outer of the H 2 O maser shell, respectively (Murakawa et al. 2003) . The maximum proper motion for SiO masers should be less than these values according to the standard expanding outflow model (Chapman & Cohen 1986) . Thus the allowable change in position is less than 0.13 mas during our observations, corresponding to the largest possible velocity of 10 km s −1 . Allowing the maximum position uncertainty of (0.05, 0.07) mas (see Tables 2, 3 and 4), the angular separation during all observation sessions should not exceed 0.2 mas. We can match these features from one epoch to another using this criterion. However, there may be some maser features lying within the angular separation of less than 0.2 mas at a single epoch, this gives some difficulties to match them among three epochs. Thus, we also examined the velocity profiles and flux densities of the likely matched features. We only selected the matched feature with the similarity in both velocity profile and flux density if a feature at one epoch has multiple possible matched features at another. As a result, 58 commonly matched maser features were found between first two epoches and 42 features were identified among all three epoches (see Tables 2, 3 and 4). This suggests that lifetime of SiO maser features around VX Sgr could be larger than one month. Assuming an exponential decay of SiO maser features, we estimated a scale lifetime of 44±4 days from our 3-epoch data.
Actually, the process of aligning maps for all the three epochs on a feature located on the shell could introduce a systematic bias in the proper motion estimate; individual maser proper motions are uncertain by a constant offset vector that represents the motion of the reference feature. If we assume that the average of motions for all matched features represents the motion of the reference feature, it was only about (-0.01, 0.01) mas in (R.A., Dec.) during our observation sessions (39 days), and can be ignored compared to the possible position errors discussed above. For the following proper motion study, 42 matched maser features detected in all three observing sessions were chosen. Figure 5 shows the velocity profiles of these 42 SiO maser features. The velocity profile and flux density for each matched feature is very similar from one epoch to another.
One way to look into the global proper motion is to compute separations between pairwise combinations of features. The pairwise separations technique has been applied to SiO masers toward R Aqr (Boboltz et al. 1997 ) and has no dependence on the alignment of maps. In this procedure, a separation between two features at one epoch and that between the corresponding features at another epoch are calculated. The difference between these two separations is referred to as the pairwise separation. When the calculation is repeated for all the possible combinations of matched feature pairs, mean values of these pairwise separations are −0.013±0.003, −0.017 ± 0.003 and −0.030±0.003 mas in an interval of 8, 31 and 39 days, respectively, where the uncertainties are the standard error of the mean. By performing a weighted linear least-squares fit to these values, we obtained a proper motion of −0.171±0.048 mas yr −1 . However, the fitted motion may decrease toward zero due to the bias caused by calculating all the possible pairs, including small separations. To minimize this effect and determine a representative value for the shift due to the proper motion, we only computed pairwise separations for those pairs separated by more than 12 mas, here 12 mas represents the radius of maser shell. The separation of 12 mas is important because the centers of the pairs are located on the star and the pairwise separations of such pairs directly indicates the global motion of the SiO maser shell. Figures 6 (a) , (b) and (c) show results from those pairs separated by more than 12 mas over time intervals of 8, 31 and 39 days, respectively. As indicated by bold lines in Figure 6 , the mean of each of these distributions is negative, implying an overall contraction of the maser shell. These mean shift values are −0.015±0.004, −0.045±0.004 and −0.060±0.005 mas in an interval of 8, 31 and 39 days, respectively. This gives a proper motion −0.507±0.069 mas yr −1 or a velocity of −4.1±0.6 km s −1 . Actually, this velocity should be taken as the upper limit to the true contraction because the pairwise separations for those pairs separated by more than the radius of maser shell would be greater than the real separation of the maser ring. In above analysis of proper motion, the uncertainty quoted for the mean shift of pair separations is the standard error, which is different from the method used by Boboltz et al. (1997) . For comparison, we obtained an infall velocity of 4.2±0.2 km s −1 for those pairs separated by more than 12 mas, by using exactly the same method of Boboltz et al. (1997) . These are consistent with our estimates with even smaller errors. Thus, as a conservative estimation, we adopt the standard error in the paper.
We conclude that the maser shell contracts toward the star with a velocity of about 4 km s −1 . However, converting from proper motion µ (mas yr −1 ) to velocity v (km s −1 ) depends on the distance D (kpc), v = 4.74µ · D. Under the assumption of a distance of 1.7 kpc, the infall velocity of 4 km s −1 in VX Sgr is similar to 4.2±0.9 km s −1 in R Aqr (Boboltz et al. 1997 ). This speed of contraction can be easily obtained through the gravitational infall. For the central star mass of 10 M ⊙ (Chapman & Cohen 1986) , the velocity of a particle gravitationally falling from the inner dust shell at 60 mas to the SiO maser shell at 12 mas would be about 25 km s −1 . Assuming a temperature of 1500 K (Doel et al. 1995 ) and adiabatic condition of SiO maser region, the sound speed should not exceed 3 km s −1 . Thus, the inward proper motion of SiO maser shell is on the order of the sound speed. In addition, our measured infall velocity is comparable to the shock velocity in the radio photospheres of long-period variables of < 5 km s −1 at a distances beyond approximately 2 R * (Reid & Menten 1997 ).
The possible existence of a bipolar outflow was speculated by Kamohara et al. (2005) to explain the distribution and the velocity structure of SiO masers toward VX Sgr seen at a single epoch. After adding more data overlapping their observing epoch, we have measured an inward proper motion of SiO masers toward VX Sgr, which excludes the proposed bipolar outflow model. Actually, the kinematics in SiO maser regions could be very complicated. An SiO maser movie of Mira variable TX Cam has displayed the co-existence of both local infall and outflow motions at a certain stellar phase (Dimond & Kemball 2003) . Our current data are insufficient to reveal such a complicated kinematics in VX Sgr.
The contraction of SiO maser shell has been reported in two Mira variables R Aqr (Boboltz et al. 1997 ) and TX Cam (Diamond & Kemball 2003) . Our observations provide the first direct evidence for an inward motion of SiO maser shell around red supergiant variable star. The corresponding optical pulsation phases of three VLBA observations that revealed an inward motion toward R Aqr are φ=0.78, 0.87 and 0.04, respectively (Boboltz et al. 1997 ). Diamond and Kemball (2003) found the expansion of SiO maser shell in TX Cam with a ballistic gravitational deceleration over the stellar phase interval from φ=0.7 to 1.5; but beyond the optical minimum at φ ∼1.5, a new shell forms interior to the previously expanding outer shell. For the motion of the maser shell around VX Sgr in 1999, the accurate stellar phase is unknown because of the temporary quench of the optical pulsation from 1997 to 2003. Assuming that the pulsating period was kept even in the quiescent phase, we estimated the stellar optical phase of our observation sessions to be from 0.75 to 0.80 (Kamohara et al. 2005) . Thus, we can see that the stellar optical phase of red supergiant VX Sgr is very close to that of Mira variables R Aqr and TX Cam when the SiO maser shell contracts. These results can be compared with that seen in the theoretical kinematical model adopted in Humphreys et al. (2002) . Our analysis shall provide another test for such a theoretical model. In order to investigate the effect of stellar pulsation on the SiO maser emission, Humphreys et al. (1996 Humphreys et al. ( , 2002 and Gray & Humphreys et al. (2000) coupled an SiO maser model (Doel et al. 1995; Gray et al. 1995) to an M-type Mira hydrodynamic pulsation model (Bowen 1988) . These numerical simulations show that masing material starts to contract after a shock wave in the envelope arrives at the maser zone, and such an infall under gravity lasts for about one third of the stellar pulsation cycle; while for the remainder of the cycle, a shock-driven expansion of the maser ring dominates. So the contraction of the SiO maser shell only appears in a certain stellar phase range, during which a shock front disrupts the existing maser ring and new features then form in the postshock region. The newly forming maser ring has a smaller angular extent than previously existing ring. Humphreys et al. (2002) quote a mean stellar phase of the arrival of the shock in the SiO maser zone of φ = 0.71 ± 0.15. However, these simulations have a difficulty in relating the model phase to optical stellar phase. That is, these simulations did not offer the accurate optical stellar phase range when the SiO maser shell contracts. The relationship between the optical and model phases could be reliably fixed by a combination of interferometric observations and theory in the future. For the moment, the analysis of the inward proper motions of SiO masers toward VX Sgr, R Aqr and TX Cam suggests that the contraction of SiO maser shell could occur during an optical stellar phase φ=0.5 to 1.
Conclusions
We summarize the main results obtained from 3-epoch (in 39 days) monitoring observations of the 43 GHz v = 1, J = 1 − 0 SiO circumstellar maser emission toward VX Sgr, covering a stellar optical phase range from 0.75 to 0.80.
(1). The two-point correlation function of spots shows a power-law relation on scales of 0.03-0.25 mas and 0.5-20 mas. The break of the power-law at 0.25 mas suggests an angular size of 0.5 mas for clustering of spots to make a feature.
(2). Our observations confirmed a persistent ringlike structure of SiO masers with a projected radius of about 3 stellar radii (R * ), which is consistent with the typical 2-4 R * for late-type stars. The overall morphology has changed significantly with the majority of masers appearing in North-East of the star in 1999, compared to that lying to the South-West direction in 1992 and 1994, suggesting the change of mass loss rate over ∼5-7 years.
(3). We found that the apparent size scale of maser features in 1999 is distinctly smaller than that observed in 1992, by comparing their fractions of total power imaged. This may be related to stellar activity that caused a large SiO flare during our observations.
(4). Analysis of pairwise separation of 42 matched features suggests that the maser shell contracts toward VX Sgr with a velocity of about 4 km s −1 . This infall velocity is similar in number to that seen in R Aqr. The stellar optical phase of red supergiant VX Sgr is very close to that of Mira variables R Aqr and TX Cam when the SiO maser shell contracts.
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